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ABSTRACT: We studied the activity patterns of Testudo graeca over 2 yr using the method of 
thread trailing on 131 individuals. The tortoises were active for about half of the year and exhibited 
a bimodal annual activity pattern, with well defined aestivation and hibernation periods. Daily 
distances moved averaged about 50 m/day throughout the year, the maximum distances being 
1019 m/day for males and 316 m/day for females. There were temporal differences between male 
and female activity patterns, consisting of an earlier emergence of males from hibernation and a 
delay in entering aestivation of females. Tortoises were active mainly on non-rainy days with 
maximum temperature ranging from 20-30 C, minimum temperature from 6.5-15 C, relative 
humidity from 35-75%, and accumulated radiation from 24-42 kw/cm2. However, tortoises were 
also active under much more extreme values. Female activity was more dependent on exogenous 
factors while males showed a stronger response to endogenous factors. In both sexes, the largest 
distances moved were related with the reproductive cycle, constraining tortoises to phases of activity 
under suboptimal environmental conditions: males at the beginning of courtship in late winter and 
females in the post-nesting recovery phase in early summer. 
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REPTILES, being ectothermic animals, 
are strongly conditioned by exogenous fac- 
tors, although most species may also exert 
a great control of their body temperatures 
through behavioral and/or physiological 
mechanisms. Under unfavorable weather 
conditions, energy costs may be reduced 
by entering inactivity, which is often ex- 
tended over long periods of hibernation or 
aestivation (Gregory, 1982). 
The annual activity cycles of the four 
Mediterranean species of tortoises show dif- 
ferent patterns, with one or two inactivity 
periods per year. The relative importance 
of aestivation or hibernation also varies de- 
pending on the species. Testudo hermanni 
from Greece (Hailey, 1989) and France 
(Hailey et al., 1984) does hibernate, but in 
summer it shows only a decrease of activ- 
ity. In Egypt, Testudo kleinmanni only 
aestivates (Geffen and Mendelsohn, 1989). 
On the other hand, Testudo marginata in 
Greece (Willemsen, 1991) and Testudo 
graeca in southwestern Spain (Andreu, 
1987; Braza et al., 1981) exhibit both sum- 
mer and winter inactivity seasons, as is 
characteristic of most Mediterranean rep- 
tiles (Saint Girons, 1953). 
Our study concerns a small and isolated 
population of Testudo graeca in the north- 
western limit of its distribution range. This 
population has already been described in 
several aspects of its life history by Andreu 
(1987) and by Braza et al. (1981). Our aim 
was to determine the pattern of activity of 
these animals through the quantification 
of individual daily distances moved, in or- 
der to assess possible differences in the life 
history strategies between sexes and the 
role of endogenous and exogenous factors 
in the activity cycle. 
MATERIALS AND METHODS 
Field work was carried out from April 
1990 to April 1992 in the Doniana Biolog- 
ical Reserve (southwestern Spain). The 
dominant vegetation of the study area is 
composed of shrubs of Halimium halim- 
ifolium and Stauracanthus genistoides, 
with scattered patches of ferns (Pteridium 
aguilinum), heather (Erica scoparia and 
Calluna vulgaris), and meadows of Rumex 
bucephalophorus and Asphodelus aestivus 
bordering the marsh, which is commonly 
flooded during winter and spring (for de- 
tailed descriptions of the biotopes in Doni- 
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FIG. 1.-Variation of air temperature and rainfall 
over the study period. Thin lines = maximum, mean, 
and minimum temperatures. Gross line = monthly 
rainfall. 
ana and the characteristics of tortoise hab- 
itat, see Allier et al., 1974; Andreu, 1987). 
The climate of the area is Mediterra- 
nean, mainly characterized by dry hot 
summers and rainy autumns and winters, 
with temperatures rarely below freezing. 
The variation of temperature and rainfall 
during the study period is described in Fig. 
1. Rainfall was below average in autumn 
1990 and during the winter of 1991-1992. 
We detected tortoises by walking 
through the study area. The individuals 
were followed using the thread trailing 
method developed by Breder (1927) and 
used for tortoises by several authors (e.g., 
Chelazzi and Francisci, 1979; Hailey, 1989; 
Stickel, 1950). We employed common 
sewing-thread bobbins of 400 m length en- 
closed in small plastic bottles as trackers. 
When longer bobbins or smaller trackers 
were needed, we used nylon thread co- 
coons (Danfield Ltd., Leigh, UK) of 190, 
300, and 475 m in the same way as did 
Berry et al. (1987). The tracker was at- 
tached to the tortoise's carapace in a "back- 
pack" fashion with adhesive plaster tape. 
During spring 1991, males were frequent- 
ly lost due to insufficient length of the 
tracking thread. Therefore, the next spring 
we filled the trackers with 1500 m of 
thread. 
We tracked a total of 131 tortoises (68 
males and 63 females) (Table 1) and fol- 
lowed each individual as long as possible 
until lost. The average number of tracking 
days was 42.5 (27.5 for males and 58.3 for 
females). Every evening, once the daily 
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activity period of tortoises ended, the trails 
were paced (one step = 0.75 m). 
Hailey (1989) found that the move- 
ments of Testudo hermanni were signifi- 
cantly different during the first day of 
tracking. Therefore, we disregarded data 
for the first day in our study, as well as the 
incomplete movements of the last day. We 
analyzed activity by means of an activity 
index: the ratio of the number of days with 
tortoises moving to the total number of 
tracking days. We refer to distances moved 
as (a) short: <10 m/day, (b) normal: near 
the annual average movements (approxi- 
mately 50 m/day), (c) long: more than the 
average values and up to about 100 m/day, 
and (d) very long: >100 m/day. 
Environmental variables were recorded 
every 10 min by an automatic meteoro- 
logical station 2 km away. The maximum 
and minimum daily values of air temper- 
ature at 2 m, mean of relative humidity, 
and sum of radiation were considered. 
Rainfall was also registered automatically 
within the study area. 
We made use of nonparametric statis- 
tical tests in most cases. However, when 
dealing with the great number of monthly 
paired comparisons, we set a = 0.0002 
(0.05/number of comparisons: Bonferroni 
inequality, SAS 1990:943) in order to de- 
crease the measurement error. After 
checking the normality of data, we used 
Student t-tests for comparing inactivity 
period distributions. Pearson correlation 
coefficients were calculated for the rela- 
tionships to the environmental factors and 
to the size of tortoises. 
RESULTS 
Annual Variation of Activity 
The variation of the activity index over 
the study period is shown in Fig. 2. There 
were two activity peaks per annual cycle: 
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FIG. 2. -Mean monthly variation of the activity 
index throughout the study period. Empty boxes in- 
dicate courtships and full boxes nesting dates. Full 
line = males; broken line = females. 
a higher one in spring and early summer, 
when tortoises were active 100% of days, 
and a second one in autumn, with 50% of 
active days. There were well marked in- 
activity periods in summer and winter. 
During the latter, the number of days in 
which tortoises moved was lower than 20%, 
with females down to 0% in December. 
The annual activity index of males and 
females did not differ significantly except 
for the summer (Wilcoxon-test: spring: P 
> 0.5; summer: P < 0.05; autumn: P > 
0.05; winter: P > 0.05; for the total period: 
P > 0.5). This is owed to the earlier onset 
of aestivation for males, the females still 
being very actively engaged in nesting and 
post-nesting activities in June and July. 
Males and females were active, respec- 
tively, during 39% and 44% of the first 
study year and 54% and 51% of the second 
(Table 2). The difference in the figures for 
males may have been caused by the lower 
number of tracking days in 1991-1992, 
which was due to the loss of several males 
when they terminated inactivity periods. 
The percentages increased for the total 
number of tortoises (54% and 62%, re- 
spectively) owing to the additive effect of 
higher activity of females in early summer 
and of males in autumn and winter (Fig. 
TABLE 2.-Number of days with active tortoises for each annual study period. (NA: movements >0 m/day; 
NLA: movements >10 m/day; n: number of tracking days). 
April 1990-March 1991 April 1991-March 1992 
Sex NA %NA NLA %NLA n NA %NA NLA %NLA n 
Males 134 38.6 110 31.7 347 156 52.5 139 46.8 297 
Females 155 44.2 126 36.0 350 186 51.1 157 43.1 364 
Total 190 53.8 145 41.1 353 225 61.8 200 54.9 364 
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FIc, 3. -Monthly average values of daily distances 
moved over the total study period. Full line = males; 
broken line = females. * indicates P < 0.0002 (t-test 
monthly comparisons). 
2). Exclusion of short movement days (re- 
lated mainly to basking) determined a de- 
crease of values, but without significant 
differences to the total number of active 
days (Table 2). 
Annual Variation of 
Daily Distances 
Mean daily distances moved for the 
whole study period were 25.9 ? 83.2 
m/day for males and 18.4 ? 34.2 m/day 
for females. Excluding inactive days, mean 
distances increased to 50.6 ? 79.9 m/day 
for males and 39.7 ? 41.7 m/day for fe- 
males. Overall movements ranged be- 
tween nearly 0 and 1019 m/day and var- 
ied seasonally (Fig. 3). There were no sig- 
nificant differences between distributions 
of males and females over the whole an- 
nual cycle (Wilcoxon paired test: P = 
0.427), but comparing monthly distribu- 
tions we found statistical differences in 
May, June, and July 1990 and June 1991, 
due to the large nesting displacements of 
females, and in February and March 1992, 
due to the high mate-searching activity of 
males (the latter differences were not de- 
tected in 1991 because the length of the 
tracking thread was too short). Mobility of 
males was also higher in October, coincid- 
ing with the second courtship period of 
the year. The variation of the average, 
maximum, and minimum values of dis- 
tances moved by all individuals on each 
day during the second study year (April 
1991-March 1992) is presented in Fig. 4. 
Males. -The strongest activity burst oc- 
curred in February and March 1992, when 
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FIG. 4. -Daily averaged distances of tortoises from 
April 1991 to March 1992. Maximum and minimum 
daily values are indicated by thinner lines. 
males started to move very long distances 
upon leaving hibernation. The farthest dis- 
placements of the year were recorded be- 
fore mid-March, with a maximum of 1019 
m/day. Throughout the spring, average 
values were frequently over 100 and 200 
m/day. Aestivation began in June with 
days of inactivity between days of normal 
movement. Short and normal movements 
were occasional in July, rare in August, 
and occasional again in September. Au- 
tumn activity concentrated in October, 
with the alternation of long, short, and no 
movement days. Hibernation began in No- 
vember, with occasional short movement 
days that became sporadic in December. 
Females.-Spring activity started grad- 
ually in mid-February with alternative 
short, normal, and no movement days. 
From March on, long movements (100 to 
>300 m/day) became increasingly fre- 
quent, especially during the nesting season 
in May and June. The maximum distance 
recorded in this season was 316 m/day. 
Aestivation was not as intense as that of 
males, because inactivity of females was 
occasionally broken by days of normal 
movement up to the end of August. In 
September, inactivity was practically un- 
broken. Autumn activity was not pro- 
nounced, in October, scarce mobility was 
alternated with long periods of inactivity 
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while hibernation was quite intense, with 
only a few individuals moving occasion- 
ally. From 14 December on, all females 
remained inactive until mid-February. 
Continuity of Inactivity 
The length of the continuous inactivity 
periods was analyzed taking into account 
the maximum number of consecutive days 
without movements in each season (Table 
3). We included only those individuals fol- 
lowed during complete seasons. In 1990, 
females averaged about 59 days of contin- 
uous inactivity in summer, which was sig- 
nificantly shorter than the 113 days in win- 
ter (t = 16.132, P < 0.001). In 1991, there 
was no significant difference between sea- 
sons for females (t = 2.28, P > 0.05). Males 
averaged about 80 days of continuous in- 
activity in summer 1990 and 57 in winter, 
with no significant difference (t = 1.37, P 
> 0.05). In 1991, only summer data were 
available for males, which had 43 days of 
mean maximum inactivity periods. 
We analyzed the continuity of inactivity 
by comparing the maximum inactivity pe- 
riod with the total number of inactive days 
during the whole season for each individ- 
ual. In both summer seasons, continuous 
inactivity did differ significantly from the 
total number of inactive days in the case 
of females but not in males. Male aesti- 
vation was hardly influenced by occasional 
environmental variations such as sporadi- 
cal rainy days, whereas females were more 
responsive to such variations. Males, in turn, 
seemed more prone to interrupt hiberna- 
tion than females, because their maximum 
continuous inactivity was significantly 
shorter than the total inactivity, whereas 
in females no significant differences were 
found. 
The mean length of inactivity periods 
differed significantly between sexes in 
winter but not in summer. 
Characteristics of Tortoise 
Activity Days 
Temperature.-Ambient temperatures 
during the study period ranged from -5.4 
C to 41.8 C. Tortoises moved mainly on 
days with maximum temperatures (Tmax) 
ranging from 19-30 C, and minimum tem- 
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TABLE 4.-Environmental characteristics of tortoises activity days with daily distances over 0 m and over 
10 m, and the variation throughout the total study period. Mean, maximum, and minimum and percentiles 
25% and 75% of the distribution of each variable are shown. For rainfall, only the total number of rainy 
days is shown. 
Tm- T.j. Humidity Radiation (C) (C) (%) (Kw/m2) Rainy days 
Female x 25.07 11.12 53.94 32.9 43 
distances >Om P25-P75 (20.0-29.1) (7.1-15.5) (36-71) (24.2-41.8) 
Range (13.0-41.8) (-1.4-21.9) (8-100) (2.2-47.2) 
Female x 24.92 10.73 52.91 35.8 21 
distances >10 m P25-P75 (20.8-28.0) (7.2-14.4) (36-69) (28.6-43.1) 
Range (14.9-40.9) (2.8-21.0) (8-100) (13.6-47.2) 
Male x 23.16 9.97 58.11 30.6 47 
distances >Om P25-P75 (18.8-26.8) (6.5-13.7) (39-77) (20.0-41.4) 
Range (10.6-41.1) (-3.1-23.8) (12-100) (6.2-47.2) 
Male x 23.10 9.58 56.02 32.5 20 
distances >10 m P25-P75 (18.8-26.4) (6.6-12.7) (36-74) (23.7-41.8) 
Range (12.5-40.9) (-2.7-19.9) (12-100) (6.5-46.7) 
Total x 23.5 10.02 59.8 26.8 111 
study period Range (9.9-41.8) (-5.4-23.8) (8-100) (2.2-47.2) 
peratures (Tmin) from 6.5-15 C, although 
there was also some activity on very cold 
and even on the hottest days of the study 
period. In 1992, males started spring ac- 
tivity on days with Tmin =-3.2, C (corre- 
sponding Tmax 19 C). Very long move- 
ments were performed with Tmin = -2.7 
C (Tmax = 13.6 C). Females occasionally 
made short movements on winter days with 
TE3in 2-1.4 C (Tinax = 13.6 C). In July 1991, 
females were still active on days with T.ax 
= 41.8 C, and males were active on days 
with Tmax= 40.9 C (Table 4). 
Humidity. -This parameter varied 
from 8-100% during the study period. The 
same range was recorded for days of tor- 
toise activity, most movements occurring 
between 35% and 75% (average 55%) (Ta- 
ble 4). 
Radiation.-Radiation varied between 
2.2 kw/cm2 and 47.2 kw/cm2 in 1991. High 
radiation did not seem to constrain the 
activity of tortoises, because they were de- 
tected moving under the highest values 
recorded. This was not so for low light 
intensity: all male and long female move- 
ments were observed only under higher 
values. Main activity occurred between 24 
and 42 kw/cm2 (Table 4). 
Rainfall.-The study period was char- 
acterized by scarce rainfall in the area, 
with a total of 111 rainy days (84.5 cm). 
Tortolse activity occurred mainly on non- 
rainy days, but it was also recorded on 58 
of the rainy days, 34 of which were short 
movement days. High activity of females 
was detected even on a day with 2.6 cm 
rainfall, and there were short movements 
recorded on days with up to 3.2 cm (Table 
4). 
Relationship between Activity and 
Environmental Factors 
We have considered daily distances 
moved in relation to five environmental 
variables: maximum temperature (Tmax), 
minimum temperature (Tm1), rainfall, rel- 
ative humidity, and daily accumulated ra- 
diation (Table 5). The analysis considered 
four seasons: spring (March-June); sum- 
mer (July-September), autumn (October), 
and winter (November-February). 
In summer and autumn, the distances 
moved did not show significant relation- 
ships to any environmental variable con- 
sidered whereas in spring, female move- 
ment was correlated to all variables. There 
was more activity on warm, dry, sunny 
days. Rainfall and humidity had negative 
effects, but generally some individuals still 
performed short movements on rainy days. 
In the same season, male distances moved 
were negatively correlated with minimum 
temperatures and radiation, as a conse- 
This content downloaded from 161.111.228.140 on Tue, 16 Apr 2013 04:57:23 AM
All use subject to JSTOR Terms and Conditions
June 1995] HERPETOLOGICA 231 
TABLE 5.-Correlation coefficients between environmental factors and daily distances. 
T.j T..s Rainfall Humidity Radiation 
Spring 
Females 0.262*** 0.358*** -0.189*** -0.147*** 0.362*** 
Males -0.306*** -0.017 -0.048 0.046*** -0.195** 
Summer 
Females -0.196 -0.053 -0.059 0.104 0.208 
Males -0.114 -0.003 0.000 -0.040 -0.059 
Autumn 
Females -0.397 -0.013 -0.103 -0.044 0.235 
Males -0.256 0.041 -0.259 -0.025 0.135 
Winter 
Females 0.029 0.144 -0.134 0.127 0.419** 
Males -0.056 0.156 -0.024 -0.034 0.317** 
Total 
Females -0.083 -0.018 -0.141** -0.067 0.344*** 
Males -0.256*** -0.091 -0.037 0.042 -0.054 
** p < 0.05. 
*** < c 0.005. 
quence of the very long distances moved 
in early March which had been a month 
with low temperatures and radiation of 
about 20-25 kw/cm2. In winter, when tor- 
toises performed sporadic movements, both 
sexes showed weak correlations with ra- 
diation, mainly reflecting emergence from 
hibernation for basking and, in fewer cases, 
females moving normal distances and 
males moving long distances. 
Tortoise Size and 
Distances Moved 
The relationship between tortoise plas- 
tron length and monthly average move- 
ments can be seen in Fig. 5. Overall, no 
relation was observed but, when consid- 
ering each sex separately, females showed 
significant correlations (r = 0.167, P < 
0.05), which increased when months with 
large activity (r = 0.324, P < 0.001) were 
separated from months with scarce activ- 
ity (r = 0.318, P < 0.05). In males, a sig- 
nificant correlation was only found for the 
data recorded in months of low activity 
(r = 0.505, P < 0.05). Low activity was 
indicated by an activity index <0.45. 
DISCUSSION 
The annual activity pattern of Testudo 
graeca in Dofnana has two well defined 
inactivity periods, tortoises being active on 
about half of the year. Activity was influ- 
enced mainly by radiation and tempera- 
ture. The main activity period is spring, 
when food resources are abundant and op- 
timal environmental conditions allow low- 
er metabolic costs. The autumn activity 
period is more reduced, but it has to be 
taken into account that the study years 
were atypical autumn years, mainly be- 
cause of scarce rainfall. Activity was high- 
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FIG. 5.-Monthly averaged daily distances as a 
function of plastral length of tortoises. The regression 
lines of those significant relationships are indicated. 
(A) Females with activity index >0.45 (open squares), 
(B) females with activity index <0.45 (open circles), 
(C) males with activity index <0.45 (full circles). 
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er between Tmax 19 C and 29 C, which 
agrees with the data for the same species 
in Morroco (Lambert, 1981). 
When looking at the activity pattern of 
spur-thighed tortoises in Doniana, two as- 
pects stand out. (1) The activity peaks of 
both sexes are non-synchronized in the 
spring and (2) the tortoises are highly ac- 
tive under suboptimal environmental con- 
ditions: males in late winter to early spring, 
with Tmax as low as 12 C, and females in 
early summer, with Tmax up to 41 C. These 
differences are related to critical phases of 
the reproductive cycle: mate-searching for 
males and nesting for females. 
The gonadal cycle of Testudo graeca 
was described by Herlent and Grignon, 
(1961). Sperm production begins in August 
and from then on is released into the vas 
deferens. In this way, activity in autumn 
coincides with the presence of mature 
sperm and explains autumnal courtships, 
the viability of which is assured by female 
ability of storing sperm (Devine, 1984). 
Spermiogenesis continues throughout the 
winter months, so males probably reach 
the end of hibernation with a high level 
of stored sperm. This may be related to 
the sudden attainment of high activity rates 
immediately upon terminating inactivity. 
The very long distances moved then are 
probably related to searching for females 
(Gibbons, 1986) and, moreover, reflect the 
low probability of encountering them, as 
females hardly move at that time. Indeed, 
male displacements were reduced consid- 
erably as soon as females started to move 
normal distances, possibly in response to 
the increase of the probability of finding 
females and the decrease of sperm avail- 
ability. From April on, male displacements 
became even shorter, being mainly dedi- 
cated to maintenance activities in order to 
restore physical conditions before entering 
aestivation. 
The early spring activity burst of males 
must result in very high energy expendi- 
ture, because activity under suboptimal 
environmental conditions depends mainly 
upon physiological thermoregulation 
(Bennett, 1982). In addition, metabolism 
during hibernation must also have de- 
creased their reserves. Male activity was 
nearly independent of environmental fac- 
tors during this phase, which was also the 
only phase during which body size and 
distances moved were correlated, proba- 
bly because body mass influences individ- 
ual physiological capabilities (Bennett 
1982). 
Female arousal from hibernation was 
progressive, and movements were related 
to all physical variables considered, re- 
sponding mainly to the increase of total 
radiation and temperature. During early 
and mid-spring, they are mainly devoted 
to maintenance activities and to storing 
energy for growth and maturation of eggs. 
Their longest movements were associated 
with nesting displacements in May and 
June. This must be the period of highest 
energetic cost for females, and, as for the 
males, the relation between body size and 
distances moved was more evident in this 
phase, larger females moving longer dis- 
tances. Egg production and nesting in- 
vestments may physiologically deplete fe- 
males, and they must need to restore their 
physical conditions before aestivation at a 
time when environmental conditions are 
not optimal anymore. By then, high levels 
of vegetal biomass were present in the area 
but with low water content (Lazo, 1992), 
resulting in low quality food with lower 
digestibility (Hailey, 1989) and higher ac- 
cumulation of toxins (Minnich, 1982). 
Therefore, females extend their activity 
season longer into summer than males, be- 
ing mainly concentrated on feeding and 
thermoregulating in order to assure rapid 
processing of food for maximal energy in- 
take. Activity probably goes on as long as 
the energy balance is positive. 
Meek (1988) found that females of T. 
hermanni had lower body temperatures 
than males as a consequence of lower heat- 
ing rates resulting from larger body size, 
and that this could impose different life 
history strategies for each sex. The same 
thermal differences if occurring in T. grae- 
ca, as the differences in body size do (Braza 
et al., 1981), could explain the ability of 
females to remain active longer than males 
in summer, as well as the tendency of fe- 
males to break aestivation and of males to 
break hibernation more frequently. 
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In the population of T. graeca in south- 
western Spain, life history strategies seem 
primarily influenced by summer drought, 
which induces tortoises to cease feeding 
(Gregory, 1982) and probably has a greater 
role in determining the onset of aestivation 
than do high temperatures. Males and fe- 
males have their activity peaks during dis- 
tinct times of the activity season, usually 
explained by different investments in re- 
production that in males are tied to court- 
ship while females bear reproductive costs 
throughout the year (Rose, 1981). Activity 
in general is dependent on exogenous fac- 
tors except for males in early spring, when 
endogenous factors constrain them to make 
a high energy investment under subopti- 
mal environmental conditions and with low 
probability of finding mates. Female ac- 
tivity is mostly performed under favorable 
conditions, as they respond mainly to ex- 
ogenous factors, except for the post-nesting 
phase when activity is probably overex- 
tended under suboptimal conditions in or- 
der to recover from reproductive deple- 
tion. 
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